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The  coabMstioo  or  mixed  condensed  systems  depends  on  a  number 
oi  parameters.  Including  the  dispersity  of  the  components  [1], 

A  mixture  of  readily  decomposing  combustible  and  oxidizer  has 

■  '  limiting  cases:  a)  combustion  along  the  oxidizer  and 

combustible  grain  interface;  b)  a  Kinetic  regime  of  homogeneous 

gah  mixture  combustion  (of  premixed  decomposition  products).  The 

first  condition  is  fulfilled,  when  the  zone  of  complete  mixing  of 

the  Rustication  products  or  the  initial  components  (h)  Is  much 

greater  than  the  sone  of  th«ir  heaMnc-  * 

UI,-ir  nearing  .o  the  temperature  of  the 

oerra  nning  of*  t h^  rose  t1!  on  f  7  mu.  „  , 

'  xtacLion  ,i).  The  second  regime  exists  with 

tne  opposite  relationship  between  h  and  i  7^  _  .. 

,  -  .  -wfn  taacs  ine  rate 

o.  norma,  flame  front  propagation  Increases  practically  linearly 
with  pressure.  Contact  combustion  is  characteristic  for  high 
pressures  and  large  oxidizer  particle  dimensions;  homogeneous 
combustion  for  finely  dispersed  systems  and  low  pressures. 


FTD-H"‘-J3-626-7H 


1 


picture  frames 

the  combustion  of  a  stoichio¬ 
metric  APC-saccharose  system*' 
a)  APC^ particle  dimensions 

^00-300  pm  (photograph  of 
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plane;  b)  d 
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Figure  1  shows  hi gh-speed  notion  ni  f 

,  -  '-lotion  picture  frames,  which 

- -A-ioti  ate  the  combustion  o^  a  nixed  .  . 

.  ■  ‘ 1  ecl  stoichiometric  ammonium 

P  xora-e  ( AFu ) -saccharose  system  in  the  two  limiting  cases 


' 1  ^  contact  combustion  r* e^* i *** e  n ^  *. i  „ 
d  .  ?on  ,  ,  . the  mxture  with  the  oxidizer 

an d " t he " s a oh  m,-  l'™*  f1*'  Between  the  individual  AFC 

;;;  Wr  *  W“‘  ruse  Crystals  barnt  Places  are  distinctly  visible* 

'  y  f0rm  a  developed  combustion  surface.  The  flame  frcn^ 

r:;:r 

a  ^T:r!rt:i:;x:::jrr::r31tlon  -uh  the 

..  pi  ensure  ran^e  nas  a  very  flat  surface 

ii 


d  <  o 

OH 

(Fig 


in  the 


i-k  '  •  A  "dark  zone"  immodia+ p1--  >vUron  it 

Crease  sharply  with  pro-,u,..(  71,T  '  ?  dl"*"*ion» 

.  piOtoui...  A  high- temperature  luminous 

j  tdr.ie  zone  is  situated  above. 


However,  In  the  neat  renera!  case  contlnuit;  [2>  ,!  <rW. 

^  ^  condensed 

;th  a  vriat,ori  in  the  contact  ««*».Men 

0U'’  'nt0  trle  •‘•omoreneour,  combustion  regime  and 

,.9ndltl0n  "  ^  «»  -iatior 

The  transition  t,75r  ‘‘n-T  T  "a0M0"  =°ni'- 

/  *  '  U*  boundary  with  respect  to 

trfooure  depends  on  the  di -cer  M  * -/  ^ 

pCr  •/  Jl  the  components:  the  smaller 
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a  particle  is  the  more  it  is  displaced  in  the  high  pressure  range 
and  vice  versa.  Figure  2  shows  the  dependences  of  normal  combustion 
rate  on  the  pressure  of  the  APC-saccharose  system  for  three 
different  degrees  of  component  mixing.  It  is  easy  to  see,  that  for 
laminar  system  (1)  the  disruption  range  for  contact  combustion 
begins  approximately  in  the  region  of  20  at  and  below  (the 
homogeneous  combustion  range  begins  when  p  <_  0.1  at).  At  the 
same  time,  for  a  mixture  with  finely  ground  components  (3)  the 
disruption  of  the  homogeneous  combustion  regime  (the  range  of 
purely  contact  combustion,  apparently,  sets  in  at  pressures  above 
5000-7000  at)  occurs  in  this  same  pressure  range.  The  rules 
governing  purely  contact  combustion  (the  combustion  of  laminar 
systems)  were  examined  in  detail  in  work  [4].  Below,  we  will  focus 
our  main  attention  cn  the  combustion  of  ’'homogenized"  systems 
obtained  by  prolonged  joint  grinding  of  the  components  in  a  medium 
of  inert  liquid  on  a  vibration  stand  (the  diameter  of  the  particles 
is  less  than  2  urn). 


'Fig.  2.  The  dependence 
of  the  combustion  rate 
of  a  stoichiometric  APC- 
saccharose  mixture  on 
pressure:  1  -  laminar 

system  (layer  thickness 
of  140  um) ;  2  -  d  =  10 


»  lB  t 

i'SjL 

L 


3  -  d 


<  2  ym . 


ci  iis  os i  is  to  n  '63 
P  >  at 


-he  combustion  of  similar  types  of  "honogeneized"  systems 
takes  place  at  -a  rate  attain* ng  25-35  ru. i/s  and  more  (at  a  pressure 
of  30-40  at).  The  fact  of  the  increase  in  combustion  rate  with 
reduction  in  particle  diameter  Is  known  [1],  However,  the  fact, 
that  the  combustion  rate  at  such  a  degree  of  pulverization  of  the 
components  exceeds  by  4-5  times  the  combustion  rate  of  similar 
systems  with  the • conventional  employed  dispersity  cf  the  components 
(d  -  20-100  um)  is  very  remarkable  and  considerably  extends  the 
limits  of  the  variation  in  the  normal  combustion  rate  of  mixed 
systems  exclusively  >nly  due  to  the  variation  In  particle  dimensions 
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Fig.  3.  The  dependence  of 
the  combustion  rate  of  an 
APC-urotropln  mixture  on 
Dressure:  1  -  d  =  140-320 

O  H 

Mm:  2  -  d  <  2  pm; 

3  -  APC-urotropin 
( 80/15 )  +  5%  Fe203  (dQK  <  2 

pm);  4  -  APC-urotropin 
(75/15)  +  10$  A1  (d  <  2  pm). 

O  H 


It  has  already  been  indicated  at  ve ,  that  the  surface  and  the 
combustion  front  of  "homogenel zed"  mixtures  are  to  a  considerable 
extent  uniform.  This  makes  these  types  of  mixtures  very  attractive 
for  the  carrying  out  of  different  types  of  thermophysical  measure¬ 
ments,  for  ascertaining  the  peculiarities  of  the  effect  of  catalytic 
agents,  and  finely  dispersed  metals,  etc.,  on  the  combustion  orccess  - 
Fig.  3  demonstrates  the  effect  of  4 '•  catalytic  agent  Fen0o  and  of 
finely  dispersed  aluminum  on  tne  combustion  rale  of  a  model 
APC-urotropin  mixture .  In  spite  of  the  high  level  of  the  normal 
combustion  rate  of  the  original  system  (d  <2  pin)  the  presence 
of  a  catalytic  agent  introduced  into  the  mixture  during  the  stage 
of  component  mixing,  Increases  the  combustion  rate.  In  this  case 
the  activity  of  the  catalytic  agent  increases  with  pressure:  in 
the  70-100  at  pressure  range  the  increase  in  rate  due  to  the 
Introduction  of  the  catalytic  agent  is  30-35$ •  This  fact  shows, 

V\  r*,  +“  i  C  M  V-  A  /I  f  1  A  r  n  frt  «  V<  •  i  ^  M  m  M.t  4>  vn  +•  V-  «> 

WUUW  ^  *  V  U  UllUOl  VIIU  V*  S*#  A  A  s-*  .A  V  J.  IA  A  CA  k.  J  1/  “  \J  '-JK  A  i  X  1  l  JT  1  >  \J  C  111  Kj  k  1 t” 

catalytic  agent  is  not  an  inert  material,  but  is  capable  of 
actively  affecting  the  combustion  process.  The  effect  from  the 
introduction  of  aluminum  into  the  composition  of  "homogenized" 
system::  is  also  considerable.  Upon  the  introduction  of  10$  finely 
dispersed  aluminum  into  a  APC-urotropin  system  the  combustion  rate 
of  the  composition  increases  by  1. 4-1,7  times.  Detailed  investiga¬ 
tions  have  shown,  that  the  aluminum  particles  begin  to  ignite 
practically  on  the  combustion  surface  of  the  sample.  On  the  one 
hand,  the  actual  absence  of  the  agglomeration  of  metal  particles 
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on  the  combustion  surface  (or  close  to  It),  and  on  the  other  hana  - 
the  proximity  to  the  combustion  surface  and  the  homogeneity  of  the 
h  1 gh- temperature  flame  a  one ,  to  a  specific  degree,  promote  this. 

The  low  level  of  metal  agglomeration  on  fast-burning  compositions 
once  again  emphasizes  the  role  of  combustion  rate  as  one  of  the 
determining  parameters  In  the  phenomenon  of  enlarging  the  particles 
of  a  metallic  additive  and  agrees  with  the  general  rules  governing 
this  phenomenon  [5]. 

The  general  characteristics  of  the  combustion  zones  of 
'’homogenized”  systems  were  obtained,  besides  with  the  use  of 
motion  picture  photography,  by  employing  thin  flat  thermocouples 
(5  uin) .  The  application  of  these  was  justified,  since  the 
characteristic  dimensions  of  the  system  are  less  than  the  dimensions 
of  the  thermocouples ,  but  at  increased  pressures  is  connected  with 
specific  difficulties  caused  by  the  thermal  retardation  of  the 
i '-.ormocouple  as  a  result  of  the  high  combustion  rate-.  The 
ernperature  of  the  combustion  surface  of  a  stoichiometric 
APC-saccharose  mixture  (d  <  2  ym)  is  equal  to  520°C  at  atmospheric 
ores  sure  arid  5  4  n  '-> r  5  at.  T  lies  in  the  2400-2600°K  range  and 

is  close  to  the  value  of  the  zone  temperature  determining  the 
combustion  rate  and  calculated  in  accordance  with  coefficient 
B:  T  =  /E/2R6  [6].  The  magnitude  of  3  in  the  range  of  initial 

3  (p 

T  (from  -40  to  +50°C)  and  p  (10  +  50  at)  does  not  (or  weakly) 
depends  on  p  and  for  the  investigated  systems  is  equal  to 
( 1 . 5-2. 2) • 10" 3 4  dor *"1. 
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